Chondroitin sulphate (CS) is a glycosaminoglycan widely distributed in animal tissues, which has anti-inflammatory and chondroprotective properties. We reported previously that chondroitin 4-sulphate (CS-A) up-regulates the antigen-specific Th1 immune response of murine splenocytes sensitized with ovalbumin in vitro, and that CS suppresses the antigen-specific IgE responses. We now demonstrate that a specific sulphation pattern of the CS polysaccharide is required for the Th1-promoted activity, as other polysaccharides such as dextran and dextran sulphate do not significantly induce this activity. While the presence of some O-sulpho groups appear to be essential for activity, CS-A, and synthetically prepared, partially O-sulphonated CS, induce higher Th1-promoted activity than synthetically prepared, fully O-sulphonated CS. CS-A induces an activity greater than chondroitin sulphate B (CS-B) or chondroitin 6-sulphate (CS-C). In addition, chondroitin sulphate E (CS-E) induces greater activity than CS-A or CS-D. These results suggest that the GlcA(β1-3)GalNAc(4,6-O-disulpho) sequence in CS-E is important for Th1-promoted activity. Furthermore, rat anti-mouse CD62L antibody, an antibody to Lselectin, inhibits the Th1-promoting activity of CS. These results suggest that the Th1-promoted activity could be associated with L-selectin on lymphocytes. These findings describe a new mechanism for the anti-inflammatory and chondroprotective properties of CS that may be useful in designing new therapeutic applications for CS used in the treatment of immediate-type hypersensitivity.
INTRODUCTION
Chondroitin sulphate (CS) is a family of structurally complex, sulphated, linear polysaccharides called glycosaminoglycans (GAGs). CS is composed of a repeating disaccharide unit of the structure, [-4)GlcA(β1-3)GalNAc(β1-] n , where GlcA is glucuronic acid and GalNAc is N-acetylgalactosamine [1] . CS can be substituted with O-sulpho groups at a variety of positions [2] [3] [4] , it is an integral component of the proteoglycans found localized on cell surfaces and in the extracellular matrix, and is important for cell-cell communications [2, [5] [6] . Recently, there have been a number of reports on the biochemical activities of orally administrated exogenous CS, including its anti-inflammatory and chondroprotective properties [5] [6] [7] [8] [9] [10] [11] [12] . It has been proposed that these activities result from an increase in the biosynthesis of connective tissue components, such as hyaluronan, at disease sites [13, 14] . Both in vitro and in vivo studies have shown that CS regulates the formation of new cartilage by stimulating the chondrocyte synthesis of collagen, proteoglycans and hyaluronan [15, 16] .
Polysaccharides such as CS are poorly absorbed through the digestive system [17, 18] . Moreover, we have shown that the halflife of CS in the circulatory system is 3 to 15 min, based on the pharmacokinetic study of intravenously administrated CS [19] . Accordingly, it appears unlikely that orally administered CS is systemically distributed to connective tissues such as cartilage and skin, and that exogenously administered CS actually directly stimulates chondrocyte synthesis of extracellular matrix components. This suggests that the mechanism of action of exogenously administrated CS might be mediated by other systems, such as the immunological system [20] . Our laboratory has already shown that CS up-regulates the in vitro antigen-specific Th1 immune response on murine splenocytes sensitized with ovalbumin (OVA), and that CS suppresses the antigen-specific IgE responses [21] . These findings suggest a therapeutic use of CS to control the IgEmediated allergic response.
The number and position of O-sulpho groups varies among CS samples obtained from different sources [22] [23] [24] . We hypothesize that the immunological activity of CS might also be different among the several types of CS. It is important to determine the structure-activity relationship (SAR) of CS, particularly with respect to the number and position of O-sulpho groups in CS. Other related polysaccharides and modified polysaccharides have been examined as heparin analogues in the development of new drugs [25, 26] . Knowledge of the SAR of CS will be necessary to further explore its effective use as a therapeutic agent.
The present study extends our previous work and examines the structural requirements for the immunological activity of CS and suggests the possibility of its association with receptors on lymphocytes. We report here the structural characterization of a CS that exhibits potent immunological activity.
EXPERIMENTAL

Animals
Inbred specific pathogen-free BALB/c mice (female, 6-weeks-old) were purchased from Charles River Japan (Yokohama, Japan). The mice were maintained in a temperature-controlled and lightcontrolled environment with free access to a sterile diet and water. They were acclimatized for at least a week before the study.
Reagents
CS-A prepared from bovine tracheal cartilage and having an average molecular weight of 15 kDa, was a gift from Shin-Nippon Yakugyo Co. (Tokyo, Japan). CS-C was kindly provided by SanEi Gen FFI Co. (Osaka, Japan). CS-B, CS-D and CS-E were purchased from Seikagaku Kogyo Co. (Tokyo, Japan). OVA (chicken egg) was purchased from Sigma. RPMI 1640 medium was purchased from ICN Biomedicals (Aurora, OH, U.S.A.). Fetal bovine serum (FBS) was purchased from Sanko Junyaku (Tokyo, Japan), and heat-inactivated at 56
• C for 30 min prior to use. FITClabelled rat anti-mouse CD62L monoclonal antibody (MEL-14) and phycoerythrin-labelled rat anti-mouse CD62P monoclonal antibody (Y-18) were purchased from Pharmingen (San Diego, CA, U.S.A.). Rat anti-mouse CD62L monoclonal antibody (MEL-14) was purchased from Chemicon International (Temecula, CA, U.S.A.). Rat anti-mouse CD62P monoclonal antibody (Y-18) was purchased from Santa Cruz Biotechnology (Santa Cruz, CA, U.S.A.).
Sensitization protocols
The mice (n = 5) were intraperitoneally sensitized with 20 µg of OVA and 2 mg of an aluminium hydrate adjuvant {ALUM [Al (OH) 3 ]; LSL Co., Japan} in a total volume of 400 µl of saline. Two weeks after the first sensitization, the mice were given a booster using the same doses of the antigen. On the following day, the mice were humanely killed and their spleens were harvested.
Preparation and stimulation of murine splenocytes in vitro
Mice were killed by cervical dislocation, their spleens were aseptically removed and cell suspensions made by passing them through a sterile cell strainer (Becton Dickinson, CA, U.S.A.). The cell suspensions were washed twice in RPMI 1640 medium supplemented with 10 % FBS, 2 mM L-glutamine, 1 mM sodium pyruvate, 50 units/ml penicillin, 50 µg/ml streptomycin, and 25 nM 2-mercaptoethanol, counted by Trypan Blue exclusion staining, and adjusted to 1 × 10 7 cells/ml. The cells were plated at 2 ml/well in a 24-well cell culture cluster (Corning, NY, U.S.A.) and challenged with OVA at a final concentration of 100 µg/ml. Furthermore, the samples (each at a final concentration of 1 µg/ml), or saline in vitro were added to the 24-well culture cluster at 37
• C in triplicate in a CO 2 incubator for 3 days. The supernatants were then harvested for cytokine production analysis after 3 days of incubation.
Production of cytokine in vitro
The cytokines examined in this study were interferon (IFN)-γ , interleukin (IL)-2, IL-5 and IL-10. The amount of several cytokines in the culture medium after incubation was measured using an ELISA kit (OptEIA TM set, Pharmingen, San Diego, CA, U.S.A.). The principle of all ELISA kits was to employ the quantitative sandwich enzyme immunoassay technique. Absorbance was measured at 450 nm (E max, precision microplate reader, Molecular Devices, Sunnyvale, CA, U.S.A.).
Chemical preparation of CS with different contents of O-sulpho groups
The fully O-sulphonated CS, partially O-sulphonated CS and desulphonated CS were synthesized as described previously [27, 28, 29] . Briefly, chemical O-sulphonation was carried out under mild conditions with adducts of sulphur trioxide (SO 3 ) in aprotic solvents to obtain fully sulphated CS and partially sulphated CS. Fully sulphated CS was prepared from the tributylammonium salt, obtained from 100 mg of CS-A sodium salt by strong cationexchange chromatography, and concentration by freeze-drying. The resulting salt was dissolved in 0.8 ml of N,N-dimethylformamide (DMF) to which a required excess (15 mol/equivalent of available hydroxyl group in CS) of the pyridine-SO 3 complex had been added. After 1 h at 40
• C (0 • C in the case of partially sulphated CS), the reaction was terminated through the addition of 1.6 ml of water, and the crude product was precipitated with 3 volumes of cold ethanol saturated with anhydrous sodium acetate, and then collected by centrifugation. The resulting fully sulphated CS and partially sulphated CS were dissolved in water, dialysed to remove the salts, and freeze-dried.
1 H-NMR spectroscopy was performed using the conditions described previously by Toida et al. [3] . The sample (approx. 1-3 mg) was kept in a desiccator over phosphorus pentoxide in vacuo overnight at 22
• C. The thoroughly dried sample was then dissolved in 500 µl of 2 H 2 O (100 %; Aldrich Japan, Tokyo, Japan), and passed through a 0.45 µm syringe filter and transferred to an NMR tube. One-dimensional (1D) and two-dimensional (2D) NMR experiments were performed using a JEOL α500 MHz spectrometer equipped with a 5 mm field gradient tunable probe with standard JEOL software at 60
• C, for all the experiments with 500 µl samples. The 2 H 2 O signal was suppressed by presaturation during 3 s or 1.5 s for the 1D or 2D spectra respectively. To obtain the 2D spectra, 512 experiments resulting in 1024 data points for a spectral width of 2000 Hz were measured, and the time domain data were multiplied after zero filling (data matrix size, 1K × 1K) with a shifted sine-bell window functions for 2D double quantum filtered (DQF) and triple quantum filtered (TQF)-COSY, NOESY or TOCSY experiments. An MLEV-17 mixing sequence of 100 ms was used for the 2D TOCSY experiments, and the NOESY experiments, by using 150, 250 and 500 ms as the mixing time.
FACS analysis of cultured splenocytes
Splenocytes (5.0 × 10 6 cells/ml) were co-cultured with OVA (final concentration of 100 µg/ml) and/or the rat anti-mouse CD62L antibody (final concentration of 2 µg/ml) at 37
• C in a CO 2 incubator for 3 days. The cultured splenocytes were washed twice in PBS containing 2 % FBS and then cell-staining analysis was carried out in the following way. Briefly, 100 µl of cultured splenocytes at 2.0 × 10 6 cells/ml, in PBS containing 2 % FBS and 1 µl of anti-CD16/CD32 monoclonal antibody, were reacted for 5 min at 4
• C. FITC-labelled anti-CD62L antibodies at 0.125 µg in 10 µl (this is the optimal concentration of labelled antibodies as determined by preliminary experiments) were added to the above tubes and mixed, then incubated for 30 min at 4
• C in the dark. After staining, the cells were washed three times with PBS. After washing, the cells were poured into FACS tubes in PBS containing 2 % FBS and 0.1 % NaN 3 in a total volume of 500 µl.
Flow cytometric analysis was performed with FACSCalibur BALB/c mice (n = 5) were intraperitoneally injected on day 0 and day 13 with 20 µg of OVA and 2 mg of Al(OH) 3 at a total volume of 400 µl. Splenocytes (5.0 × 10 6 cells/ml) were collected on day 14 and were co-cultured with OVA (final concentration 100 µg/ml). The amounts of cytokines in the supernatant were measured by ELISA. *P < 0.05, **P < 0.01 (significantly different from control value). Error bars represent means + − S.D. for 6 wells.
Disaccharide and compositional analysis
The determination of unsaturated disaccharides, prepared from various CS and CS structural variants, was performed on the lyasedigested samples using HPLC [30, 31] .
Statistical analysis
Differences between the mean values were analysed by an unpaired Student's t test. Comparisons among groups were made with a factorial ANOVA. In all cases, significance was set as P < 0.05.
RESULTS
Dose response of CS on in vitro cytokine production by splenocytes
We had reported previously that CS-A promoted the secretion of Th1-type cytokines (IFN-γ , IL-2, and IL-12) but suppressed the secretion of Th2-type cytokines (IL-5 and IL-10) secretion by OVA-sensitized splenocytes [21] . To determine the concentration of CS-A giving maximal response, we examined the dose response of CS-A on in vitro cytokine production by splenocytes.
As shown in Figure 1 , of the four concentrations tested (0.1, 1, 10 and 100 µg/ml), the Th1-promoting activity of CS-A was the greatest at 1 µg/ml. The Th2-inhibitory activity of CS-A also appeared to be the greatest at 1 µg/ml. Higher concentrations of CS-A, such as 10 or 100 µg/ml, never showed any improvement in activity over that with 1 µg/ml. Therefore, we compared the activities of various CS preparations at 1 µg/ml.
Effects of polysaccharide sulphation on in vitro cytokine productions by splenocytes
The influence of the presence of polysaccharide sulphation on the cytokine production of the OVA-sensitized splenocytes, following in vitro re-stimulation, was examined using dextran (DX) as a neutral polysaccharide. CS-A, DX and dextran sulphate (DXS) ( Figure 2 ) were used in this assay ( Figure 3 ). Only CS-A significantly promoted the Th1-type cytokine (IFN-γ and IL-2) production. For Th2 type cytokine production, IL-5 production was significantly inhibited by CS-A or DXS when compared with control. IL-10 production was significantly inhibited only by CS-A. These results suggest that only certain acid polysaccharides induce Th1-promoted activity of the OVA-sensitized mice splenocytes on OVA re-stimulation. • C results in full substitution with O-sulpho groups (with four O-sulpho groups per disaccharide repeating unit) affording a considerably less complex 1D 1 H NMR spectrum, consistent with the reduced structural heterogeneity of this product. Table 1 also shows the disaccharide composition of various CS chains used in this study. Fully O-sulphated CS-A could not be digested with chondroitinase ABC. Using these CS derivatives, we examined the effects of CS O-sulpho group content on in vitro cytokine production of OVAsensitized splenocytes upon OVA re-stimulation. CS-A, partially sulphated CS, and fully sulphated CS all significantly promoted The letters in the spectra refer to the corresponding residues in the structures. Assignments were determined using 2D NMR [27] .
Table 1 Disaccharide components of various CSs and chemically derived CS
Disaccharide composition (%) of each CS was determined by HPLC on an amino-bound silica column after chondroitinase ABC digestion as described previously [31] . Di-0S, 4 the Th1-type cytokine production compared with the control (Figure 5 ). There was no significant difference between the effect of desulphated CS and that of the control on the Th1-type cytokine production. In contrast, CS-A and partially sulphated CS significantly inhibited IL-5 production compared with the control. In addition, only partially sulphated CS significantly inhibited IL-10 production compared with the control. These results suggest that an appropriate level of CS sulphation could greatly induce Th1-promoted activity and Th2-inhibitory activity of the OVAsensitized mice splenocytes upon OVA re-stimulation. There is some discrepancy between the significance of the data in Figure 5 and Figure 1 with regard to the ability of 1 µg/ml CS-A to inhibit IL-10. Nevertheless, a similar trend is observed in both experiments. Since it is difficult to obtain identical results in independent experiments, in terms of the Th2 response, we report the relative response of sample to control.
Effects of O-sulpho group position in monosulphated CS on in vitro cytokine production of splenocytes
CS-A {[-4)GlcA(β1-3)GalNAc4S(β1-] n , where S is sulpho and the average molecular mass is 15 kDa}, CS-C {[-4)GlcA(β1-3)
GalNAc6S(β1-] n ; average molecular mass 13 kDa} and
where IdoA is iduronic acid and CS-B has an average molecular mass 16 kDa}, each contain one O-sulpho group in their disaccharide repeating unit ( Table 1) .
As shown in Figure 6 , CS-A and CS-C significantly promoted the Th1-type cytokine production compared with the control. Surprisingly, there was no significant difference between the effect of CS-B and that of the control on the Th1-type cytokine production, although CS-B appeared to be slightly more promoting. Both CS-A and CS-C significantly inhibited the IL-5 production compared with the control. In terms of the IL-10 production, only CS-A significantly inhibited the IL-10 production compared with the control, but CS-C also appeared to be slightly inhibiting. These results demonstrate that CS-A induces the Th1-promoted activity and Th2-inhibitory activity to a greater extent than CS-C and CS-B.
Effects of O-sulpho group position in disulphated CS on in vitro cytokine production of splenocytes
Since partially sulphated CS (containing 2-3 O-sulpho groups per disaccharide repeating unit) showed the greatest effect on cytokine
Figure 5 Effects of CS-A and CS derivatives on the cytokine production of murine splenocyte in vitro
BALB/c mice (n = 5) were intraperitoneally injected on day 0 and day 13 with 20 µg of OVA and 2 mg of Al(OH) 3 in a total volume of 400 µl. Splenocytes (5.0 × 10 6 cells/ml) were collected on day 14 and were co-cultured with OVA (final concentration 100 µg/ml). The samples (each at a final concentration of 1 µg/ml), or saline in vitro were added to the 24-well culture cluster in triplicate at 37 • C in a CO 2 incubator for 3 days. The amounts of cytokines in the supernatant were measured by ELISA. *P < 0.05, **P < 0.01 (significantly different from control value). Error bars represent means + − S.D. for 6 wells.
production ( Figure 6 ) we decided to investigate the effect of O-sulpho position in disulphated CS on the cytokine production of the splenocytes. CS-A, CS-E ([-4)GlcA(β1-3)GalNAc4S6S-(β1-) n ; average molecular mass 30 kDa) and CS-D ([-4]GlcA2S-(β1-3)GalNAc6S(β1-] n ; average molecular mass 26 kDa). CS-A, CS-E and CS-D all significantly promoted the Th1-type cytokine production compared with the control (Figure 7 , Table 1 ). In addition, CS-A and CS-E significantly inhibited the IL-5 production compared with the control. Only CS-E significantly inhibited the IL-10 production compared with the control in this experiment, but CS-A and CS-D also appeared to inhibit them. These results demonstrate that CS-E induces the greatest Th1-promoted activity and Th2-inhibitory activity among these samples.
CS receptor associated with Th1-promoted activity on splenocytes in vitro
We next examined whether the Th1-promoted activity could be associated with L-selectin (CD62L) and P-selectin (CD62P) on the murine splenocytes. As shown in Figure 7 , the Th1-promoted activity and Th2-inhibitory activity of CS-A was not observed in the presence of the rat anti-mouse CD62L antibody. Spiking of the culture with rat anti-mouse P-selectin antibody resulted in no difference in the Th1-promoted activity or the Th2-inhibitory activity of CS-A (results not shown). These results suggest that the activity of CS-A is associated with only L-selectin binding. In FACS analyses using FITC-labelled anti-mouse CD62L antibody, after we carried out the splenocyte culture with the antimouse CD62L antibody and CS-A, cell staining was inhibited compared with the control (Figure 8) . However, when cells were incubated with only CS-A in advance, and then stained with the anti-mouse CD62L antibody after washing, cell staining was not inhibited compared with the control (Figure 8 ). These results suggest that the Th1-promoted and Th2-inhibitory activity of CS-A could be ascribed to a reversible interaction with L-selectin (CD62L).
DISCUSSION
It is generally accepted that CD4
+ T cells are subpopulations containing 2 cell types (Th1 and Th2), based on their different 6 cells/ml) were collected on day 14 and were co-cultured with OVA (final concentration 100 µg/ml). The samples (each at a final concentration of 1 µg/ml), or saline in vitro were added to the 24-well culture cluster in triplicate at 37 • C in a CO 2 incubator for 3 days. The amounts of cytokines in the supernatant were measured by ELISA. *P < 0.05, **P < 0.01 (significantly different from control value). Error bars represent means + − S.D. for 6 wells.
patterns of cytokine secretion [34, 35] . Th1 cells secrete IFN-γ , IL-2 and IL-12. Th2 cells produce IL-4, IL-5 and IL-10. IFN-γ and IL-12 induce the differentiation of Th0 cells to Th1 cells, whereas IL-4 induces the differentiation to Th2 cells. Therefore, it is believed that an increase in IFN-γ and IL-12 shifts the Th1/Th2 cell balance to predominantly Th1, while an increase in IL-5 and IL-10 shifts the balance to predominantly Th2 [36, 37] . We reported previously that CS induced Th1-type cytokine (IFN-γ , IL-2, and IL-12) secretion but suppressed Th2-type cytokine (IL-5 and IL-10) secretion by the OVA-sensitized splenocytes. In the present study, we show that both O-sulpho group content and position in CS is important for the Th1-promoted activity of murine splenocytes, in terms of the cytokine production and Th1/Th2 balance. We first examined whether the activity was associated with the O-sulpho groups in CS, and confirmed that the sulphation of a polysaccharide plays an important role in the activity. We showed that CS induced the Th1-promoted activity, while DX, a neutral polysaccharide, did not ( Figure 3 ). These results suggest that the polysaccharide sulphation is critical for the Th1-promoted activity. We subsequently showed the effect of the level of CS sulphation on the Th1-promoted activity. While fully sulphated CS exhibits Th1-promoted activity, CS-A and the partially O-sulphated CS, demonstrate higher activity CS ( Figure 5 ). These results suggest that excess sulpho groups in CS could decrease the Th1-promoted and Th2-inhibitory activities of CS.
Among the monosulphated CS, CS-A, CS-C and CS-B, the CS-A sample showed highest activity ( Figure 6 ). This result suggests that the [-4)GlcA(β1-3)GalNAc4S(β1-] n sequence is more important for activity than the [-4)GlcA(β1-3)GalNAc6S(β1-] n or [-4)IdoA(β1-3)GalNAc4S(β1-] n sequences characteriztic of CS-C and CS-B respectively. CS-B (dermatan sulphate), while nearly structurally identical to CS-A (it contains IdoA in place of GlcA), shows lower activity. This is surprising as the greater flexibility of the IdoA residue in CS-B (compared with the GlcA residue in CS-A) is commonly used to explain the propensity of IdoA-containing GAGs to interact with proteins and display a large number of different biological activities [48] . Examination of the disulphated CS samples shows that the effects of CS-E on the Th2-inhibitory activity were higher than those of CS-D or CS-A (Figure 7) . These results suggest that the [-4)GlcA(β1-3) GalNAc4S6S(β1-] n sequence in CS-E is more important for high activity than the [-4)GlcA2S(β1-3)GalNAc6S(β1-] n sequence characteristically found in CS-D. Furthermore, these experiments demonstrate that the [-4)GlcA(β1-3)GalNAc4S(β1-] n and [-4)-GlcA(β1-3)GalNAc4S6S(β1-] n sequences in CS are more critical for high activity.
Researchers have reported many biological activities for sulphated polysaccharides [24, 25, [38] [39] [40] . In most cases the number of sulpho groups in the polysaccharide directly correlates with the level of bioactivity [38] [39] [40] . Koyanagi et al. [40] , have shown that by increasing the number of sulpho groups in the fucoidan molecule, its anti-angiogenic and antitumour activities can be potentiated. Our laboratory has also reported the many biological activities of the chemically fully sulphated poly-and oligosaccharides [38] [39] [40] .
CS has been found in many tissues [41] and cells [42] [43] [44] , and has been reported to interact with various biologically 6 cells/ml) were collected on day 14 and were co-cultured with OVA (final concentration 100 µg/ml). The samples (each at a final concentration of 1 µg/ml), or saline in vitro were added to the 24-well culture cluster in triplicate at 37 • C in a CO 2 incubator for 3 days. The amounts of cytokines in the supernatant were measured by ELISA. *P < 0.05, **P < 0.01 (significantly different from control value). Error bars represent means + − S.D. for 6 wells.
important molecules and regulate their functions. The present study demonstrates the importance of the content, position and number of O-sulpho groups in CS for immunological activity of the OVA-stimulated murine splenocytes in vitro.
We have also shown that Th1-promoted and Th2-inhibitory activity of CS on murine splenocytes could be associated with binding to L-selectin. It has been reported that a large CS/DS (dermatan sulphate) proteoglycan interacts through its CS/DS chains with the adhesion molecules L-and P-selectin, CD44, and chemokines. Kawashima and co-workers [45] [46] [47] [48] and others [49] reported that oversulphated CS/DS, containing [-4)GlcA(β1-3) GalNAc4S6S(β1-] n sequences, interacts with L-selectin, P-selectin and chemokines. Our findings indicate that these same [-4)GlcA(β1-3)GalNAc4S6S(β1-] n sequences in CS would be associated with the strongest effects on the promotion of the Th1-type cytokine production and the inhibition of the Th2-type cytokine production. The present structural characterization of CS to Th1-promoted and Th2-inhibitory activity is consistent with the high affinity binding of CS, containing the [-4)GlcA(β1-3)-GalNAc4S(β1-] n and [-4)GlcA(β1-3)GalNAc4S6S(β1-] n sequences, to L-selectin [48] . These findings support our hypothesis that this activity could be associated with the binding of CS-A to L-selectin on T cells. This study also demonstrates that differences in the content and position of O-sulpho groups in CS could markedly influence Th1-promoted and Th2-inhibitory activities, as do differences between GlcA and IdoA residues in CS. In this study, however, the inhibition of CS-binding to L-selectin could not be shown by FACS analysis using labelled anti-L-selectin monoclonal antibody. This result suggests that the epitope region on L-selectin to anti-L-selectin monoclonal antibody might not be located in the region of the lectin that binds to GAGs. We have not yet established the relationship between the various CS samples and the immunological activities. Thus, further studies are required on the relative L-selectin binding affinity of different types of CS to fully elucidate the importance of L-selectin-CS binding. The effect of heparin was examined on Th1/Th2 balance and found to demonstrate the same level of activity as CS at identical doses (results not shown). We are considering future studies to assess the effects of heparin and its derivatives on these activities to fully elucidate the SAR of GAGs.
These findings provide a new mechanism for the anti-inflammatory and chemoprotective properties of CS, and may be useful for designing new therapeutic applications for CS in the treatment of immediate-type hypersensitivity. 
